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7. Objective/Purpose:

Document acceptance of graphitic fuel compacts fabricated for the Advanced Gas Reactor (AGR)
irradiation experiments, AGR-5/6/7, despite non-conformance with four fuel specifications.

8. If revision, please state the reason and list sections and/or pages being affected:

9. Conclusions/Recommendations:

The fuel compacts, although not fully conforming to fuel specifications, are of sufficient quality
that useful and meaningful data can be collected from the AGR-5/6/7 experiment irradiations.
The fuel compacts are found to be acceptable for the purposes of the irradiations.
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SCOPE AND BRIEF DESCRIPTION

Prismatic Very-High Temperature Reactor (VHTR) fuel fabricated for the Advanced Gas Reactor (AGR)
irradiation experiments, AGR-5/6/7, did not meet fuel specifications for the outer pyrocarbon (OPyC)
mean thickness or the dispersed uranium fraction (DUF). Fuel was fabricated at two nominal packing
fractions, 25% and 40%. In addition to the nonconforming properties already mentioned, the compacts
with 25% packing fraction (PF) were nonconforming for the silicon carbide defect fraction and the
compacts with 40% PF were nonconforming for the exposed kernel fraction (EKF).

Furthermore, because the impurities outside of the silicon carbide (SiC) layer all measured below the
detection limit for the method, on a clutch of five compacts, the results were reported with units “ug/5-
compact clutch” and could not be reported with the required units of “pg/compact.”

This document describes the reasons why the nonconforming fuel compacts are deemed acceptable to

use in the AGR-5/6/7 irradiation experiment.

DESIGN OR TECHNICAL PARAMETER INPUT AND SOURCES

None

BACKGROUND DATA

Property Mean (N)? | Mean at 95% Confidence | Dispersion 0.95/0.99
OPyC Thickness Specification* 36 - 44 um <20 um®
TRISO lot J52R-16-980052 | 35.03 pm 34.75 um (F) 30.76 um
Dispersed U Fraction Specification® < 1.0e-5
TRISO lot J52R-16-980052 | 2.28e-5
40% PF Compacts** | 3.18e-5 3.80e-5 (F) ---
25% PF Compacts>* | 2.66e-5 2.95e-5 (F) ---
Exposed Kernel Fraction Specification ! <5.0e-5
TRISO lot J52R-16-980052 | 6.96e-6 9.35e-6 (N)
40% PF Compacts** | 6.57e-5 9.28e-5 (F) -
25% PF Compacts>* | 7.39e-6 1.48e-5 -
SiC Defect Fraction Specification® <1.0e-4
TRISO lot J52R-16-98005% | 2.83e-5 3.27e-5 (N)
40% PF Compacts** | 6.96e-5 9.66e-5 -
25% PF Compacts®>* | 9.24e-5 1.22e-4 (F) -
a. (N) Property calculated, but not specified, and (F) fails to conform to the fuel specification.
b. Not more than 1% of the population may be less than 20 um at 95% statistical confidence.

ASSUMPTIONS

Not Applicable
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COMPUTER CODE VALIDATION
Not Applicable
DISCUSSION/ANALYSIS

TRISO OPyC Thickness

The OPyC layer performs multiple functions. 1) It is to serve as a final barrier to fission product
releases, specifically for gaseous fission products. 2) It is known to shrink under fast neutron irradiation
and presumed to compressively load the silicon carbide layer; thereby preventing the silicon carbide
layer from failing due to hoop stresses caused by internal pressurization (a.k.a. pressure vessel
failures; predominately from carbon monoxide accumulation). 3) The OPyC layer provides mechanical
protection of the brittle SiC layer during subsequent handling.

The United States Advanced Gas Reactor Program will use a mixed ceramic fuel kernel that is
composed of uranium carbides and oxides (UCO). UCO kernels evolve far less CO than urania kernels
employed by other countries. Consequently, the internal pressures formed during irradiation are far
less and hoop stress failures are effectively prevented. Furthermore, post-irradiation-examinations
(PIE) on AGR-1 and AGR-2 fuels show a tendency for the OPyC to shrink away from the SiC vs.
towards the SiC as previously imagined. Therefore, the OPyC layer does not impose a compressive
load on the SiC as thought.

The fuel specification ' for the OPyC thickness was based on all three functions, collectively. A major
driver for the specification was adequate thickness to enable the OPyC to compress the SiC layer
without cracking. Since the OPyC layer does not compress the SiC, as envisioned, and because
thinner OPyC layers still adequately perform the functions of retaining gaseous fission products and
protecting the SiC layer from mechanical damage, an OPyC thickness of ~ 35 ym will be sufficient and
no degradation of the TRISO in-pile performance is expected due to the mean thickness being slightly
below the specification at 95% confidence.

The narrowly distributed OPyC thicknesses keep the lower tail of the distribution well above the critical
limit of 20 um, which further supports the argument that the thickness will be adequate for the functions
that it performs.

The AGR Technical Coordination Team (TCT) was consulted ° before the TRISO batches were
selected for composing the TRISO lot, knowing that conformance to the OPyC thickness specification
could be jeopardized by the selection of batches. The TCT recommendation was: “BWXT TRISO
coating batches 93165, 93168 and 93169 should be included in the coated particle composite to be
used for AGR-5/6/7 compact formation,” with full knowledge that inclusion of TRISO batch J520-16-
93165 would result in the mean OPyC thickness failing the fuel specification.

INL instructed BWXT to compose the TRISO lot from TRISO batches J520-16-93165, 93168, 93169,
and 931706, BWXT issued a Quality Control Deficiency Notice (QCDN)” documenting that the
composited TRISO lot did not meet the mean OPyC specification. The QCDN was accepted by INL
with the disposition of “Approve as is.”
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Compact Defect Fractions

The three defects that are quantified by the compact deconsolidation-leach-burn-leach (DLBL) method
are the dispersed uranium fraction (DUF), exposed kernel fraction (EKF), and the silicon carbide defect
fraction. The total contribution of all defects (DUF, EKF, and porous SiC) is to be kept below an
effective 2e-4 defect level in a VHTR reactor to enable maintenance of heat transfer units and to
prevent excessive off-site releases during accident events. The total allowable defect level is
subdivided between the three defect fractions. Fission product releases from DUF is thought to be an
order of magnitude higher, for a given mass of uranium, than releases from dense kernels with either
cracked layers or porous SiC, thus the allowable defect level for DUF has been assigned a lower limit
than the other two fractions.

Particulars of the three defect fractions are discussed individually below. The levels of the defects,
which are higher than intended, were evaluated by INL and the TCT prior to accepting the fuel for use
for the AGR-5/6/7 experiment irradiation 8. The reasons for accepting the fuel as-is include: 1) The fuel
specifications were written for fuel to be used in a future VHTR reactor and not specifically written to
safeguard data collection for an experiment irradiation. 2) The defect levels are high enough to
complicate analysis of fuel performance data, but are not so high as to preclude “seeing” in-pile TRISO
particle failures and collecting valuable data from the irradiation of the fuel. 3) Commercial VHTR fuel
would need to undergo a “proof” test and not rely solely on AGR-5/6/7 data. 4) Refabricating the fuel
would guarantee improved attributes. The required time to investigate the cause(s) of increasing defect
levels during overcoating and compaction, in addition to that needed for fuel refabrication, would likely
result in lost access to the Advanced Test Reactor Northeast flux trap, which is essential for irradiating
a test train of the size designed for AGR-5/6/7.

Samples of overcoated TRISO particles for 40% PF compacts and compacts of both packing fractions
are being analyzed at Oak Ridge National Laboratory for the three defect fractions to confirm the
compact defect data obtained by BWX Technologies and to get a metric of damage done during
deposition of the resinated graphite overcoat on the TRISO. The data are not available at this time.

Dispersed Uranium Fraction

Dispersed uranium fraction (DUF) is a variable property used to estimate the quantity of uranium
outside of the SiC coating layer in the TRISO and compact. It is postulated that uranium can be
incorporated into the OPyC layer from contamination on the coater walls or associated with the
resinated graphite matrix. Impurities analyses of the components for the resinated graphite matrix
preclude incorporation of significant natural uranium, leaving uranium contamination as the only true
source.

DUF is quantified by assuming any quantity of uranium leached from the liberated TRISO particles
amounting to less than one-half kernel equivalent, in the deconsolidating acid or in the pre-burn and
post-burn leach sequences, is from contamination and that anything greater than this is from exposed
kernels in cracked/broken particles or from porous silicon carbide layers. An intact OPyC layer is
impervious to the acid used to deconsolidate the compact or leach prior to burning back the OPyC, so
not much more than surface contamination should be detected with the pre-burn leaches. Burning
back the OPyC liberates the remainder of the uranium embedded within the OPyC and making it
accessible to the post-burn leach acids. The DUF is reported as the sum of the uranium recovered
from all leaches combined, that are not attributed to either broken or porous coating layers.
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Leach-burn-leach tests on the TRISO lot indicated that the compacts would likely fail the DUF defect
fraction. Because the estimated EKF and SiC defects for the TRISO lot would pass the compact
specification, the TRISO was deemed acceptable. If the metric for DUF is accurate, then these defects
should be unaffected during fuel compact formation. Comparison of the DUF calculated for the TRISO
lot and the two compact packing fractions shows some increase in the DUF value; 25% PF increasing
by ~16% and 40% PF by ~39%.

Exposed Kernel Fraction

The exposed kernel fraction (EKF) is an attribute property estimating the fraction of damaged TRISO
particles with cracked or broken coating layers such that the kernel is, at least, partially exposed. Even
severely cracked coating layers and the fuel kernel, itself, retard the release of some fission products
better than dispersed uranium. The TRISO particles are thought to incur damage by vacuum unloading
of the TRISO (possibly only as incipient damage), during overcoating of particles with the resinated
graphite matrix, and during fuel compact formation. The latter being the most significant source of
damage or the process that exacerbates the incipient damage incurred in earlier processing steps.

TRISO lot data indicated that the EKF defect level was about 20% of the specification limit with a 95%
confidence, suggesting that compacted fuel would conform to the specification. Some small increase in
the EKF is suggested by the data for the 25% PF compacts, but it easily passed the specification
requirement. The EKF for the 40% PF compacts, however, were an order of magnitude higher than the
TRISO lot and fail at nearly double the specification limit.

Capsule 1 at the bottom of the test train and Capsule 5 at the top of the test train have compacts with
40% PF, collectively holding 114 fuel compacts. Capsules 2, 3, and 4 hold, collectively, 80 compacts at
25% PF. Irradiation of the 25% PF compacts is not impacted by high EKF of the 40% PF compacts.
Capsule 1, with 90 compacts, is the most affected by the high EKF value. An assessment of the defect
levels in Capsule 1 indicates that in-pile particle failures would still be detectable and that valuable data
can be obtained during the irradiation and in post-irradiation examination (PIE), despite the high EKF
value.

The calculated EKF mean and 95% confidence intervals, reported in the BWX Technologies compact
certification package, were adjusted to account for the contribution of DUF in the pre-burn leaches.

Silicon Carbide Defect Fraction

The silicon carbide defect fraction is an attribute property estimating the fraction of particles with a
porous or permeable SiC layer. Even porous SiC layers retain some fission products. Half of the
allowable defect fraction for the reactor core is allocated to this SiC defect. This defect should be
independent of the EKF, except as a weak spot where a fracture could initiate during fuel compact
forming. The fraction of truly porous SiC layers should not increase during overcoating, compaction, or
thermal treatment. Data show, however, that the mean SiC defect fraction increased to 330% and
250% of the TRISO defect level for the 25% PF and 40% PF compacts, respectively. This
phenomenon is yet to be explained, but is probably due to cracked particle layers that manifested as
porous SiC during the leaches by not allowing for complete leaching of the kernel. Nonetheless, the
defects are attributed (by the method) to a SiC defect. The 25% PF compacts fail to conform to the
specification while the 40% PF compacts barely pass.
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Compact Impurities Units of Measure

The fuel specification ' and the sampling plan ® state that the units for impurities in the compacts be
micrograms of the metal impurity outside of the SiC layer per compact. These analyses are performed
on leachates generated during the compact deconsolidation-leach-burn-leach procedure for quantifying
the DUF, EKF, and SiC defect fractions. A five-compact “clutch” is deconsolidated and leached in this
method, so the measured impurities apply to the clutch and not individual compacts. All clutches
measured impurities below the established detection limits for all elements of concern. BWX
Technologies wrote: °

“If the result reported by the analysis was greater than the LDL, then dividing the result by
five would produce the desired unit. However, for cases where the reported result was “less
than LDL”, then dividing the LDL value by five would not be appropriate. That is because
the LDL had been determined by the reproducibility of the ppb [parts per billion] calibration
curve, which was independent of the number of compacts under test. Therefore, for those
samples with elemental results reported at the LDL value, the minimum division possible is
the clutch. For those situations, the desired unit of pg/compact cannot be achieved.”

INL accepts reporting the compact clutch results, in lieu of compact averages, for this case. The
maximum possible impurity per compact is, arguably, no more than the values reported for the clutch,
and thereby pass the specification requirement with adequate assurance.

CONCLUSIONS

The consensus is that the OPyC thickness being below the specified range for the mean will not
significantly contribute to in-pile particle failures, because the distribution is narrow and sufficiently high
that the probability of having particles with less than a 20 pm thickness is very, very remote.
Additionally, the specification for OPyC thickness was partially based on the assumption that shrinking
OPyC would compress the SiC layer. Some mounted particles of irradiated fuel from the AGR-1 and
AGR-2 fuels show that some OPyC layers shrink radially outward and debond from the SiC layer.

The high DUF and the higher than expected EKF and SiC defects is undesirable and likely would not
be accepted use in a VHTR reactor. The defect levels will make detecting in-pile particle failures more
difficult, but the judgement of subject matter experts is that our instrumentation will be able to discern
the few particle failures that will occur and that valuable data will be obtained from the irradiation of the
existing AGR-5/6/7 fuel compacts.

Despite the nonconforming properties of the TRISO and the compacted fuel, it is better to accept the
fuel, as-is, than to attempt refabricating the fuel (with no guarantee of improvement) and risk losing
access to the ATR Northeast flux trap for the irradiation.
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BWX Technologies, Inc.

as part of the certification of the AGR 5/6/7 LEU Compacts, the fraction of the TRISO particles
inside each compact was characterized. INL specifications PLM-4352 and SPC-1352 documented
the testing requirements and the corresponding limits for gach test. A 95% confidence interval
was specified for the failure fraction attributes. Once the raw data had been obtained from the
BWXT Chemistry Laboratory, the content was forwarded to the BWXT Statistics Department for
statistical characterization. The content below summarizes the failure fraction testing method
and the statistical method that was used for the characterization.

for bath the 40% PF and the 25% PF cases, the results from the Chem Lab were reported as
equivalent particle failures by 5-compact clutch for each leach operation. The leaches were
divided between pre-burn and post burn. All clutches received at least one leach cperation
(pre-burn and post-burn), with some af the clutches receiving three. The results from the
laaches were summed into a total before burn and a total after burn, Those clutches where the
surm was |ess than 0.5 equivalent particles were grouped into the DUF attribute and were not
considered for the EKF or SIC calculations, Once the DUF had been determined, the result was
subtracted from each clutch total. The pre-burn DUF was subtracted from the pre-burn clutch
result, and the post-burn DUF was subtracted from the past-burn clutch result. For the EKF
attribute, the pre-burn differences were summed, rounded, and divided by the number of
particles present in all the clutches. For the SIC attribute, the post-burn differences were
summed, rounded, and divided by the number of particles in all the clulches. The result was a
total equivalent particle failure fraction representing the pre-burn leaches (EKF) and the post-
burn leaches (SIC). This information, along with the raw data, was provided to the BWXT Stats
group for analysis.

The analysis began with a review of the Program specifications. PLN-4352 and SPC-1352 were
reviewed for the contractual requirements. It was decided that the data would best be
represented by a Poisson Distribution. The probability distribution of the Poisson random
varlabla X, representing the number of failed particles in a given number of particles Is

i
xl

plxu) =

whare u is the average number of failures occurring and e=2.71828. The probability distribution
is calculated for each interval from 0 on, until the cumulative probability hits .95, at which point
we can say that we are 95% confident that the number of particles is less than or equal to the
number corresponding to the 95% cumulative probability.

An example of what this distribution looks like is shown in Figure 1.
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Figure 1: Example of Polsson Distributions

For the case of the 40% PF EKF, the 50th percentile of the curve was centered at the number of
pre-burn equivalent particles, or 17. For that curve, the point that reprasents 95% of the area
under the curve would be 24, Therefore, there is a 953 probability that the mean of the
distribution Is less than or equal to 24. A similar process was used for the 40% PF SIC attribute
and both the 25% PF attributes. Once the equivalent particle failures had been determined,
each value was divided by the total number of particles tested to generate the failure fraction.

Below is the table containing the failure fraction reported values.

Packing Fraction | Attribute | Mean 95% Confidence| Spec | Result |
40°% EKF 6.57E-05 9.28E-05 5.08-05 | FAIL
A0 5IC 6.965-05 |  9.65E-05 <10E-04 | PASS
5% EXF 7.30E-06 1486-05 | <S.0E-05| PASS
25% SIC 9.24E-05 1.226-04 | <Loe-04] FAL

Table 1: Fadlure Fraction Data Summary
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N DOCUMENT TRANSMITTAL FORM N-74 Rov. 2 (§2/26/16)

(CR-1044881-01) Page 1ol 1

B % Advanced Gas Reactor BWXT :
F.lc'!hl‘ﬂlm. J52R

) ' — ‘-Mﬁm 9
Dﬁsc;m‘_'-nnn; Permmnm to Bland Mixture to Supply Material for AGR Gompactlng

| wer pocmera m_mam 1 NA REVISION: | 00
: ool DATEL oy 20 M7 | TIMEP: 3
X FoRrR mavu-ussam*re 212117 g [J - FORINFORMATION. -
TO: w&.nv'lngﬁu ‘lﬁgmﬂimmw E‘_;_ ;"-1‘.;,'::‘
addmas 2 orgheicey, | USPS  P.O.Box TES
city, stete, country, zip: deho Falls, ID 83415 name, - Lynchburg, VA, USA 24505-0785
phone number. 208-528-3857 '::r. | courier ML Athos Road
fax number: 206-526-2530 e R Lynchburg, VA, USA 24504
in care of (cfc) Delow) U | pax  434/E22-B410
‘ITH. Doug Marshall
; J
REMARKS:

Last Friday (2/17/17) | reported to you the leach bum leach results for AGR run J§20-
16-93170B. The results were a significant improvement compared to run 93170A and showed
that the resieving was successful. Please confirm that it is acceptable to use the 531708
material as part of the TRISO Iot blend to be used for AGR compacting.

BWAT ORIGINATOR: - oo e

m Joseph Keeley —4&; 6177 161 S'GNATURE1P_:Q fL- = .4

BT MANAGENENT: e T

NAME: Bl e 45 sns R .
\DM’P’“ Afmha we e |4 2/20/r7)

LEI. Acosm-u [] ACCERTEDASNOTED | L[] NOTACCEPTED |

extr " | SIGNATURE / DATE:

by - Maslall M0 _LM 2 /oo
ADMINISTRATIVE RE;W:a o Nl 2|2e |2o11
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From: Douglas Marshall <opamarshall@gmail.com>

Sent: Friday, February 17, 2017 10:36 AM

To: Keeley, Joseph T (Joe); Marshall, Douglas W

Cc Navolio, David W: Niedzialek, Scott E; Richardsan, W C (Clay); Jones, Aaron C; Mulreany,

Robert £
Subject: EXTERNAL:Re: PW: AGR Burn Leach results
Joe, etal.,

The data look far better than [ had hoped for. Both leaches pass the compact specifications at 95%
confidence. We saw, as you stated earlier, more than 50% reduction of the pre-burn leach and nearly 75%%
reduction in the posi-burn leach calculated at 95% confidences.

Pru Burm Lasch Pt Buen Leach
Totsd Totsl
[Faliod Part] & Particier | Falluse Fraction] _ 99%Cond. | Fesld Part | 8 Pasticles | Fulure Fraction| 35% Conf.
LA 30000_| _a.me08 131605 im | e | s | AXE0e
FEITTY 162000
162000

Please use 93170 as part of the LEU TRISO lot blend.

Douglas Marshall
Om Fri. Feb 17,2017 at 7:18 AM, Keeley, Joseph T (Joe) <ijtkeeley@bwxi.com> wrote:
I made an error and corrected it in the table. 1 added the failure fractions and what I should have totaled all

fuiled parts and divided by the total number of particles. The conclusion is still the same, we made significant
improvements.

From: Xesley, Joseph T (Joe)

Sent: Friday, February 17, 2017 5:49 AM

Tot ‘gpamarshali@gmail.com’

Cc: Navolio, David W; Niedzlalek, Scott E; Richandson, W C (Clay); Jones, Aaron C; Mulreany, Robert E
Subject: AGR Burn Leach results
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I've updated the results table with the bumn leach results for 93170B. We made significant improvements to
both the pre-leach and post-leach results and are now with specification. [ know Dave set a teleconference for
11 am, but if the results lock good to you and we can go ahead processing, please call me sooner (434-522-
6177) 1'd like to try and get our Operations group working on this as soon as possible.

Thanks,

Toe

This message is intended only for the individual or entity to which it is
addressed and contains information that is proprietary to BWX Technologies, Inc and/or its affiliates, or may be
otherwise confidential. If the reader of this message is not the intended recipient, or the employee agent
responsible for delivering the message to the intended recipient, you are hereby notified that any dissemination,
distribution or copying of this communication is strictly prohibited. If you have received this communication in
error, please notify the sender immediately by return e-mail and delete this message from your computer, Thank
you.
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DOCUMENT TRANSMITTAL FORM N-T4 Rev. 2 {02zs5)
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il

) i £ I %t Advanced Gas Reactor ~ BWXT
i 107790 ‘PROJEE q;,!_'{& paciimino, 2R
. LN .?‘T‘_m_lzmgmﬂduumg-fﬂ:;_. i
DESCRIPTION: | QCDN for missing OPyC thickness ]
BWXT DOCUMENT NUMBER: | NA Hﬁ\'ISIGN oo
) [ DATE: ——— . T
{Noite.lo CDC: when FAX' or delvered to BWXT ‘mail raom}’ 2120 N7 'nﬁ”"’f. _'l 2
[ FORAPPROVAL ~NEEODATE' 3722117 . ..+ | O FORINFORMATION
O e T EI}DM: BWXT NOG-L
m counlry, 2ip: idaho Fals, 1D K3415 | rnoery . | USPS L VA U8
o rer 2005763057 o, [ e MAmsehoss
. incameol(ch) seow) | pax ml" -
ATTN: ' Doug Marshall
REMARKS:

Attached is the QCDN for missing the OPyC thickness on the AGR coating blend J52R-
16-98005 (approved by INL on February 8, 2017). The violation was noted in the Met Lab
sampies that were split from Containers #1 and #2 of the blend. FY|, the weighted average |
reported in the QCDN came from the batch weights used In the blend and the thickness data |
from the "A" material. We did not collect thickness data on the "B" material (after the resieve).

If you have any questions pleass contact Dave or me. ‘

BWXT ORIGINATOR: . LI T __ FRs, T ) !
NAME" . b SIGNATURE / DATE:
BWXT MANAGEMENT: - &~ . TR T
NAME: ! EXTi" RE /
. So
D™ Aavolie 535&.“ 3/“/ i
i

CUSTOMER DISROSITION: (cusiormer may substhuté equivsient o TN
[0 ACCEPTED ACCEPTEDASNOTED ||  [] NOTACCEPTED -
R EENS: Receet /dd‘f" ';'fﬂ&-*'ﬂh FYTPI e aé/ﬁ#a/?::m.r %m«. /WM(‘;&‘#
A&l zajdﬂr-mguﬁf et JW% itnSeiwrad c:?t?{i -ﬁ,{,;énwm TR
butoles conpposi-g bo# )52 - - §5025 wil not fave a HAelatoviows a;}’zu*
o u-pile fﬂ;ﬁmm- JS2R-jo-F2OS /s m‘,‘.u,d. s g T,

HAME: . EXT! SIGNATURE / DATE.
-__L)m&fn.r Warrdal/ CODE. eV -?/5-” 7

ADMINISTRATIVE REVIEW: . I#
rygribein Ko A Sl 3/




TEM-10200-1

03/01/2012 ENGINEERING CALCULATIONS AND ANALYSIS Page C3 of C3
Rev. 06
Title: Acceptance of Nonconforming Fuel for the AGR-5/6/7 Irradiation Experiments
ECAR No.: 3873 Rev. No.: 0 Project No.: 23841 Date: 09/26/2017
B3-21/200T7 DEI1D FAR 434 523 5410 BWAL HIKI @uuz
Page 1of 1
Ba' Quality Control Deficiency Notice (U Revot
prr e g ua Y ontro . ‘ y — ( ) March 11,2015
CR-1044961-01

QCDN No. J52-004 Dept/ Section UPRR QC

Material ID- J52R-16-98005 | Stage of Processing: Blend

Contract No. : 107790 Contract Name: AGR

Data Atlached
YES X__NO

Requirement Violated OPyC thickness

Roule Card Seq. Mo. Defect Description Actual Requirement

NIA Sampie Data 1 = 35.1 36 - 44

NIA § 36 - 44

Corraction Action Required Applicable; Mot Applicable X

Responsible Area:  Engineering Manufacturing____ ac

Camective Aclion Comments,

ia

CA# NA Other

Comrective Action By

QA Engr. Dale

Reject
__ Continue Process, No Further Evaluation Mecessary
X__ Submit for Customer Disposition
- Continue Process, Evaluate at_
—__ Repair / Rework Via RC OP
Hold (By Date ]

RC
Other
Release (By

RC Slep

Date

Engr. Comments / Actions:
The blend was made from four batches (831658, 3057 1 g, 30 3 pm; 831688, 2995.8 g, 38.5 ym; 931688, 2747 6 g.
36 0 ym an 931708, 2845.49, 35.6 ym). The thickness of 931658 and 83170
thickness was calculated to be 35 1 pm

Process E

Customer Dispoﬂﬂon.
Approve as is__JC

Reject
Approve with the following Conditions

Customer Signature _ﬁ?{ww Date

Lo

Date Date

Process Engr. QA Engr.




TEM-10200-1

03/01/2012 ENGINEERING CALCULATIONS AND ANALYSIS Page D1 of D4
Rev. 06

Title: Acceptance of Nonconforming Fuel for the AGR-5/6/7 Irradiation Experiments

ECAR No.: 3873 Rev. No.: 0O Project No.: 23841 Date: 09/26/2017

Appendix D



TEM-10200-1
03/01/2012 ENGINEERING CALCULATIONS AND ANALYSIS Page D2 of D4
Rev. 06

Title: Acceptance of Nonconforming Fuel for the AGR-5/6/7 Irradiation Experiments

ECAR No.: 3873 Rev. No.: 0 Project No.: 23841 Date: 09/26/2017
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(CR-1044861-01) Page 1 of 1

CUSTOMER.: 107790 _CUSTOMER" . Advanced Gas Reactor  BWXT
CONTRACT: Rmsag pac/nenwo.  JO2R
only ONE APFRJD\M.L document per form *=
DESCRIPTION: Supplemental Information to the AGR 5/6/7 Compact Certification Package
BWXT DOCUMENT NUMBER; N/A REVISION:
DATE: : -
(Note to COC: when FAXd or deliverad to E\hm‘j’mlil’rﬁum] 0812017 “{':"AEKI;'-Z;F‘ l U‘ 'J.Or-n S
[<] FOR APPROVAL -- NEED DATE 8/12/2017 [] FOR INFORMATION
TO: E.n;“:'::xu?gmnrﬂm rl’::l(jM: EWXT NOG-L
Mdahe Falls, ID  B3415
[T o I
sl code Lynchburg, VA, LS4 24504
| FAX _ 434/522-5410

ATTN: Doug Marshall
REMARKS:

The attached memorandum clarifies BWXT's impurities testing approach. Please note that the
outstanding statistical calculation for iren and transition metals will be reported as micrograms per
clutch. These calculations will begin as soon as BWXT has INL approval to proceed.

BWXT ORIGINATOR: g
" Alex Tilton ML 5394/ SIGNATURE / DATE,
v s CoPE: 061 M %’ ‘Mt/ 2017
BWXT MANAGEMENT: ]

NAME:
Dave Navolio Al 6450/ VT

CUSTOMER DISPOSITION. (customer may substits oquveint o)
] ACCEPTED [] ACCEPTED AS NOTED" [] NOTACCEPTED

COMMENTS:

MNAME: \ EXT/ = TURE / DATE:
?ﬁz‘” . Maalall oooR: M ?/J/;

ADMINISTRATIVE REVIEW:

A Hartfier
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Testing of the impurities present in the AGR 5/6/7 Compacts was specified in INL Documents SPC-1352
and PLN-4352. The limits for each metallic impurity are listed in the respective table in the two
documents. To summarize the process that is used for the impurity testing, a set of randomly sampled
compacts from each lot are selected. The number of compacts selected for each lot is determined by
the number of TRISO particles per compact and the statistical confidence required for the reported
results. Once the compacts have been removed from the lot, they are placed into one container and
transferred to the BWXT Chemistry Laboratory. The compacts are randomly removed from the
container into groups of five compacts, known as a clutch of compacts, or clutch. The compacts in each
clutch are deconsolidated into TRISO particles and residual solids using an electrochemical process with
nitric acid. Following deconsolidation, the solution is leached at just below the boiling point of the acid.
The solids and the TRISO particles are separated from the solution and all the solids (including the TRISO
particles) are burned to remove the excess carbon. Following the burn, the residual solids are again
leached in hot nitric acid. Samples of the solution prior to the burn and post-burn are retained for
impurity testing. The impurity testing is done using an ICP-MS (Inductively Coupled Plasma Mass
Spectrometer). Each sample (pre-burn and post-burn by clutch) is first diluted using a dilution factor of
200 to minimize the corrosive effects of the acid inside the torch. The diluted sample is injected into the
torch of the ICP-MS (Nu Instruments Attom HR ICP-MS, Figure 1) and the analyzer is tuned to the
specified elements. The mass spectrometer

records the counts associated with each specified

elements. The conversion of the counts to L_‘_ - ——
concentration is done using a pallrts-per-bnlhnn Bl "\ -

[ppb) calibration curve obtained using standards. - i 1
The ppb concentration corresponding to the ! % : - ' 1

accumulated counts Is further corrected for the
dilution factor prior to being reported by the unit
A lower detection limit (LDL) for each element is
established by the chemist based upon the
precision and confidence found at the lower

concentration levels found in the samples. If the /_—/r,
elemental value for a given sample is reported to /1/1

be less than the LDL, the LDL value is used. If the

elemental value is greater than the LDL, then the

reported value is used. MNote that during the

previous discussion, the sample under analysis was obtained from a clutch of five compacts. The
requirement in the two INL documents referenced above was that the results be reported in
micrograms per compact (ug/compact). If the result reported by the analysis was greater than the LDL,
then dividing the result by five would preduce the desired unit. However, for cases where the reported
result was “less than LDL", then dividing the LDL value by five would not be appropriate. That is

Figure 1: Attom High Resolution ICP-M5

T Nl Couraions Gros, POWERING TRANSFORMATION
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because the LDL had been determined by the reproducibility of the ppb calibration curve, which was
independent of the number of compacts under test.
results reported at the LDL value, the minimum division possible is the clutch. For those situations, the
desired unit of pg/compact cannot be achieved.

Therefore, for those samples with elemental

Table 1 below demonstrates that the results for iron and the Transition Metals were all below the LDL
for all samples. Note also in the table that the results are listed as pg/clutch. The results in the table
will be forwarded to the BWXT Statistical Department for the remaining statistical calculations, as
defined in the INL Specifications.

MS Detection Limit Ip;_.l’dutmb
Lot Sample #] Fe Co Cr Mn Ni Sum Co, Cr, Mn, Ni
152R-16-14154¢] 1 <5 <10 <25 <10 =10 <55
J52R-16-14154C 2 <5 <10 <25 <10 <10 <55
152R-16-14154C] 3 <5 <10 <25 <10 <10 <55
J52R-16-14154C 4 <5 <10 <25 <10 <10 <55
J52R-16-14154c] s <5 <10 <25 <10 <10 <55
J52R-16-14154C] 6 <5 <10 <25 <10 <10 <55
J52R-16-14155C 1 <3 <10 <25 <10 <10 <55
152R-16-14155¢] 2 <5 <10 <25 <10 <10 55
J52R-16-14155C] 3 <5 <10 <25 <10 <10 <55
J52R-16-14155C] 4 <5 <10 <25 <10 <10 <55
152R-16-14155¢] s <5 <10 <25 <10 <10 <55
152R-16-14155C 6 <5 <10 <25 =10 <10 <55
152R-16-14156C 1 <5 <10 <25 <10 <10 <55
J52R-16-14156C] 2 <5 <10 <25 <10 <10 <55
Jsam-16-14156c] 3 <5 <10 <35 <10) <10 <55
1sam-16-14156c] 4 <5 <10 <25 <10 <10 <55
J52R-16-141565¢] 5 <5 <10 <25 a0 | <o <55
J52R-16-14156C] 6 p <10 <25 <10 <10 <58
J52R-16-14157¢] 1 <5 <10 <25 <10 <10 55
Js2R-16-14157¢] 2 <5 <10 <25 <10 <10 55
Js2R-16-14157c] 3 <5 <10 <35 <10 <10 <55
J52R-16-14157c] 4 <5 <10 =35 <10 <10 <55
J52R-16-14157¢] 5 <5 <10 <25 <10 <10 <55
J52R-16-14157C] 6 <5 <10 <75 <10 <10 <55

FWHRT Mucleasr Dpsimlions Groug, Ino
PO Oox TS Lynenbung VA PA505 LIRA
© o+ 1434 522 G000  whanwi sl o0

Table 1: Summary Impurity Data
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